Abstract. The aim of the present study was to examine whether single-nucleotide polymorphisms (SNPs) of β1 subunit of large-conductance Ca 2+ -activated K + channel (KCNMB1) and inwardly rectifying K + channel, subfamily J, member-11 (KCNJ11) are associated with essential hypertension (EH) in Xinjiang Kazak Chinese patients. A polymerase chain reaction-restriction fragment length polymorphism technique was applied to detect the distribution of selected alleles and genotype frequencies in a cohort of Xinjiang Kazak Chinese patients. Samples from 267 patients with EH and 259 normotensive (NT) controls were analyzed. An unconditional logistic regression analysis was used to estimate the odds ratio and 95% confidence interval of the risk factors that are associated with the development of EH. Genotype and allele frequency analyses revealed that the frequency of genotypes KCNJ11-rs2285676 and KCNMB1-rs11739136 was not significantly different between the EH and NT groups. Individuals carrying the GG genotype of KCNJ11-rs5219 had a 2.08 times higher risk of having EH than individuals carrying the GA+AA genotype of KCNJ11-rs5219. Furthermore, the G allele frequency of KCNJ11-rs5219 in the EH group was significantly higher than that of the NT group (P=0.048). Additionally, logistic regression analysis revealed that the body weight and GG genotype of KCNJ11-rs5219 were positively associated with EH in Xinjiang Kazak Chinese patients (P<0.01).
Introduction
Essential hypertension (EH) is a complex polygenic hereditary disease caused by various genetic and environmental factors (1) . In total, 25-40% of the adult population are hypertensive, and >90% of cases are of unknown origin, which are defined as EH (2) . An increase of vascular tone in resistance arteries is the basic pathophysiological mechanism of EH (3) (4) (5) . The large-conductance Ca 2+ -activated K + (BK Ca ) channel, which is composed of an ion-conducting (pore forming) α-subunit and regulatory β-subunit, acts as a negative feedback in the control of vascular tone and blood pressure (6, 7) .
The β1-regulatory subunit of the BK Ca channel is mainly expressed in vascular smooth muscle cells (VSMCs), which is encoded by the large conductance, voltage and Ca 2+ -sensitive K + channel subunit β1 (KCNMB1) gene. Furthermore, association of the β1-regulatory subunit with the BK Ca channel increases the Ca 2+ sensitivity of the channel and decreases voltage dependence (8, 9) . Additionally, the single-nucleotide polymorphism (SNP) of the KCNMB1 gene, rs11739136 [which causes protein variation of Glu65Lys (KCNMB1-E65K)], increases the probability of the BK-channel opening with Ca 2+ stimulation, enhances K + efflux and membrane hyperpolarization, and reduces artery impedance (10, 11) .
A previous study on the Han Chinese population demonstrates that a reduced function of BK Ca channels with KCNMB1-rs11739136 is associated with EH susceptibility (12) . Furthermore, abnormal expression and electrical dysfunction of the adenosine 5'-triphosphate (ATP)-sensitive K + channel (K ATP ) is also important in the pathophysiology of cardiovascular diseases (13, 14) . The K ATP channel is an inward rectifier K + channel that is gated by intracellular nucleotides, ATP and adenosine 5'-diphosphate (15) . It is widely distributed in excitatory tissues, including skeletal cells, VSMCs and neurons, and non-excitatory tissues including renal tubular epithelial cells and oocytes (16, 17) . Furthermore, the K ATP channel in the smooth muscle cells is composed of the inward-rectifier K + ion channel protein Kir6.2 subunit, the high affinity sulfonylurea receptor (SUR) subunits SUR2B and additional components (15) , and is important in the response to stress and changes in blood pressure (18, 19) .
Association between potassium channel SNPs and essential hypertension in Xinjiang Kazak Chinese patients
The Kir6.2 subunit is important in the function of the K ATP channel and is encoded by the K + inwardly rectifying channel, subfamily J, member-11 (KCNJ11) gene (15) . Furthermore, the human KCNJ11 gene is located on chromosome 11p15.1 with only one 1173-bp exon and no introns (20, 21) . Additionally, the KCNJ11 gene mutations KCNJ11-rs5219 and KCNJ11-rs2285676 are able to alter the polarity of the ATP-binding region and decrease channel sensitivity to ATP that causes dysfunction of the K ATP channel (22, 23) . KCNJ11-rs5219 (KCNJ11-E23K) is a missense mutation located in the amino-terminal of the Kir6.2 subunit, and is associated with cardiovascular diseases and diabetes (24, 25) . To date, several studies have been performed that demonstrate that the KCNJ11-rs5219 gene polymorphism is significantly associated with EH in Chinese and Korean populations (26, 27) . However, the association between KCNJ11-rs5219 and EH is not understood, particularly in Chinese ethnic populations. Therefore, to the best of our knowledge, an association between KCNJ11-rs2285676 gene polymorphism and EH has not yet been reported in Chinese or other populations, as the distribution of genetic polymorphisms is specific to region and ethnicity. Additionally, it has been reported that the prevalence of hypertension in Kazak Chinese populations is significantly higher than that in Uygur and Han Chinese populations in Xinjiang (28) .
Based on the information provided above, the aim of the present study was to genotype three SNPs, namely KCNJ11-rs5219 and KCNJ11-rs2285676 of the KCNJ11 gene, and KCNMB1-rs11739136 of the KCNMB1 gene, in a well-defined population of individuals with EH and a healthy control population. This was conducted in order to investigate whether there is an association between the EH-associated BK Ca and K ATP channel gene polymorphisms and the development of EH in Xinjiang Kazak Chinese populations, and to observe whether they are important genetic risk factors for EH development in the Kazak Chinese population.
Materials and methods
Subjects. All Kazak subjects were recruited from Dongwan County of the Shawan Region in Xinjiang, China, between October 2012 and October 2013. Samples were obtained from 267 EH subjects (mean age, 48.28±9.14 years; age range, 30-75 years; 118 men and 149 women) and 259 normotensive (NT) subjects (mean age, 46.89±9.60 years; age range, 30-75 years; 99 men and 160 women), who were selected using the method described in a previous case-control study (29) . All patients underwent subjective examinations in the morning following an overnight fast. Blood pressure (BP) measurement was performed in the patient's dominant arm following >10 min of rest in a sitting position. A hypertensive status was determined according to blood pressure >140/90 mmHg. Furthermore, there was no familial relationship between any subjects. All patients met the criteria of World Health Organization International Society of Hypertension, where hypertension was defined as a systolic blood pressure (SBP) ≥140 mmHg and/or a diastolic blood pressure (DBP) ≥90 mmHg with repeated measurements, or receiving anti-hypertensive medication (30) . Routine examination and the analysis of various other factors, including gender, obesity, smoking, duration of EH and hypersensitivity to non-steroid anti-inflammatory drugs were performed in order to establish whether subjects with high BP were primary or secondary in nature.
Subjects with secondary hypertension, endocrine diseases (diabetes), or with heart, liver and kidney diseases were excluded based on their medical history or physical examination. The present study was conducted in accordance with the Declaration of Helsinki and with approval from the Institutional Ethics Review Board (IERB) at the First Affiliated Hospital of the Shihezi University School of Medicine (Shihezi, China; IERB no. SHZ2010LL01). Furthermore, written informed consent was obtained from all subjects, prior to participation. Biochemical indices. Clinical characteristics of the study subjects are presented in Table I . Peripheral venous blood was obtained from the antecubital vein of the right arm of subjects while they were sitting, and was then placed in EDTA (200 µl)-coated tubes. Blood was subsequently centrifuged at 1,500 x g for 10 min at 25˚C, and then separated plasma was stored at -80˚C. Triglycerides (TGs), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) were determined using commercially available enzymatic kits (TG kit 4657594190, TC kit 4718917190, HDL-C kit 5401488190 and LDL-C kit 5401682190; Roche Diagnostics, Basel, Switzerland) and a Roche COBAS Integra 800 automated analyzer (Roche Diagnostics).
Source of reagents.
DNA extraction. DNA was extracted from whole peripheral blood using the rapid whole blood genomic DNA extraction kit according to the manufacturer's instructions. Genomic DNA integrity was analyzed by 1% agarose gel electrophoresis.
PCR amplification. Primers were designed using Primer Premier 5.0 Software (Premier Biosoft International, Palo Alto, CA, USA) and were synthesized by Sangon Biotech Co., Ltd. PCR amplification of the K + channel gene was performed using the following primers: rs2285676, forward 5'-CAA TTC AGG ACT GGC TCA CC-3' and reverse, 5'-GTA GGC TCC ACA GCA CCA AC-3'; and rs5219, forward 5'-GAC TCT GCA GTG AGG CCC TA-3' and reverse 5'-ACG TTG CAG TTG CCT TTC TT-3'.
As there was no appropriate restriction endonuclease on the KCNMB1-rs11739136 gene, the present study introduced a mismatched base C on the 27th base of the forward primer according to Zhao et al (12) and to lead into the recognition site of restriction endonuclease MbiI. The forward primer of rs11739136 was 5'-GGT ACT GGG GCA CCT TCT TGC ACT TCC GCT-3', and the reverse primer was 5'-CGG GGA CTG TGG GGT CAT GTG CCT TT-3'. Amplification was performed using an Eppendorf Mastercycler Gradient 5331 thermocycler (Eppendorf, Hamburg, Germany) in a 25 µl volume containing 50 ng DNA, 12.5 µl 2X PrimeSTAR HS [0.05 U/µl PrimeSTAR HS DNA Polymerase, 2X PrimeSTAR Buffer, 2 mM MgCl 2 and 2X dNTP mixture (0.4 mM of each dNTP)], 0.1 M of each primer and double-distilled water. The PCR reaction consisted of 35 cycles of 95˚C for 5 min, followed by 95˚C for 30 sec, 58˚C for 30 sec, 72˚C for 40 sec for 35 cycles and 72˚C for 8 min. The PCR products were subsequently stored at 4˚C. PCR products were determined by 1% agarose gel electrophoresis. Following amplification, the lengths of PCR amplified products were 210, 316 and 256 bp for KCNJ11-rs5219, KCNJ11-rs2285676 and KCNMB1-rs11739136, respectively (Figs. 1 and 2).
Restriction enzyme and screening analysis. Digestion was performed using an Eppendorf Mastercycler Gradient 5331 thermocycler (Eppendorf, Hamburg, Germany) in a 30 µl volume mixture including 10 µl PCR product, 16 µl nuclease-free water, 3 µl 10X CutSmart ® Buffer (supplied with the enzyme) and 1 µl restriction enzyme (10 U/µl). The PCR products of KCNJ11-rs5219, KCNJ11-rs2285676 and KCNMB1-rs11739136 were digested with enzyme BanII, NciI and MbiI, respectively. The 30-µl mixtures were incubated at 37˚C for 3 h. Restricted DNA products were then separated by 2.5% agarose gel electrophoresis and visualized under UV light. With regard to the SNP KCNJ11-rs2285676 (C/T), a single 316 bp band indicated homozygosity for the T allele (TT); two bands, 262 and 54 bp, indicated homozygosity for the C allele (CC); and the presence of three bands, 316, 262 and 54 bp, indicated heterozygosity for the T or C allele (CT) (Fig. 1A) . As for the SNP KCNJ11-rs5219 (G/A), the presence of a single 210 bp band indicated homozygosity for the A allele (AA); the presence of two fragments, 154 and 56 bp, indicated homozygosity for the G allele (GG); and three fragments, 210, 154 and 56 bp indicated heterozygosity for the G and A alleles (Fig. 1B) . SNP of KCNMB1-rs11739136 through PCR-restriction fragment length polymorphism (PCR-RFLP) experiments generated three types of bands ( Fig. 2) : One band indicates homozygosity for the T allele (TT genotype), with a fragment length of 256 bp; three bands indicate heterozygosity for the T or C allele (CT genotype), with fragment lengths of 256, 228 and 28 bp; and two bands indicates homozygosity for the C allele (CC genotype), with fragment lengths of 228 and 28 bp.
The three types of genotypes of KCNJ11-rs2285676 (TT, CT and CC), KCNJ11-rs5219 (AA, GA and GG) and KCNMB1-rs11739136 (TT, CT and CC) following digestion were consistent with the results of DNA sequencing (Figs. 3 and 4) . For DNA sequencing of the PCR product, the purified product was sent for Sanger DNA sequencing at Sangon Biotech, Co., Ltd. DNA sequence alignment was analyzed against the KCNJ11 and KCNMB1 reference sequences using ClustalW2 (European Molecular Biology Laboratory, European Bioinformatics Institute, Hinxton, UKs. Additionally, the genotype polymorphism distribution of each group conformed to the Hardy-Weinberg Equilibrium (HWE).
Statistical analysis. Statistical analysis was performed using SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA) and data for clinical and biochemical characteristics are presented as the mean ± standard deviation. Comparisons of continuous variables with normal distribution or two groups of mean values between EH and NT groups were performed using an independent Student's t-test. If the data did not conform to a normal distribution, the data were expressed as median and quartiles.
In addition, χ 2 analyses was applied to determine the difference in genotype and gene frequency. Unconditional backward stepwise logistic regression adjusted for age, gender and body mass index (BMI) was performed to determine the risk factors of EH and screen the independent variables. Additionally, hypertension was used as the dependent variable and risk factors associated with hypertension were used as the independent variables. In each model, the odds ratio (OR) for each independent variable with a 95% confidence interval (CI) was determined from unconditional logistic regression models. For the independent variable, P<0.05 was considered to indicate a statistically significant difference. The frequencies of each polymorphic site were estimated by the allele counting (Table I) . Table I describes the clinical and biochemical characteristics of the EH patients and controls. A significant difference was observed in the SBP, DBP, height, weight and BMI between hypertensive and NT subjects (all P<0.01). The mean values of BMI (t=3.85, P<0.01), SBP (t=22.34, P<0.01) and DBP (t=21.03, P<0.01) were significantly elevated in EH patients compared with NTs. This indicates that BMI may affect the development of EH. In addition, no significant difference was detected in terms of gender, age, TG, TC, HDL-C and LDL-C between the EH control and NT groups (Table I) .
Genotype and allele frequency analysis.
To analyze the frequency of the genotypes for tag SNPs in the KCNMB1 and KCNJ11 genes, PCR-RFLP analysis was performed. PCR products corresponding to KCNJ11-rs2285676, KCNJ11-rs5219 and KCNMB1-rs11739136 were digested by NciI, BanII and MbiI restriction endonucleases, respectively. KCNJ11-rs2285676 polymorphisms were categorized into three genotypes: TT (316 bp), CT (316, 262 and 54 bp) and CC (262 and 54 bp) (Fig. 1A) . KCNJ11-rs5219 polymorphisms were categorized into AA (210 bp), GA (210, 154 and 56 bp) and GG (154 and 56 bp) (Fig. 1B) . KCNMB1-rs11739136 polymorphisms were categorized into CC (228 and 28 bp), CT (256, 228 and 28 bp) and TT (256 bp) (Fig. 2) . It was noted that the 54-, 56-, and 28 bp fragments were too short to be visible. Results of restriction endonuclease analysis were compared with DNA sequencing data and lead to the corresponding results (Figs. 3 and 4) .
In order to study the association between the genotype and allele frequency distributions in the KCNJ11-rs2285676, KCNJ11-rs5219 and KCNMB1-rs11739136 SNPs, and the risk of EH, the genotype and frequencies of occurrence of the polymorphic forms of KCNJ11-rs2285676, KCNJ11-rs5219 and KCNMB1-rs11739136 was analyzed. The distribution of the genotype frequencies of KCNJ11-rs5219, KCNJ11-rs2285676 and KCNMB1-rs11739136 in the EH and NT groups is in accordance with the HWE.
Three SNP S were genotyped in 526 individuals of the overall sample. As shown in Table II Logistic regression analysis. As the GG genotype of the KCNJ11-rs5219 SNP in the EH group was significantly higher than that of the NT group, the present study assessed the association between the GG genotype and the risk of EH by logistic regression analysis after adjusting for BMI. This individual polymorphism combined with BMI were revealed to be significantly associated with EH (P<0.01; Table III 
Discussion
EH is a complex cardiovascular disease caused by the interaction of polygenic inheritance with environmental risk factors. The Kazak population from Xinjiang has a relatively unique lifestyle, which includes eating more animal fat, a high protein and high-salt diet, and lower consumption of fresh fruit and vegetables (31) . Furthermore, the genetic background of the Kazak population is distinct from the Han population, and may lead to differences in genes and diseases caused by genetic susceptibility, including hypertension (31) . The genetic variants studied in the present study are useful in the validation of individuals that have a high risk for EH, and this may provide useful information for disease diagnosis and prevention. In the present study, the SBP, DBP and BMI were significantly different between NT subjects and EH patients, indicating that the general clinical data were significantly different between Kazak EH patients and the Kazak NT group. In the group of EH patients, SBP and DBP were higher than that of the patients from the NT group and, therefore, may contribute to increased mortality from cardiovascular pathology (32) . The mean BMI of Kazak EH patients was significantly greater than that of NT controls, which may result from the high-fat diet of the Kazak population. This result suggested that hypertension is associated with lipid metabolism.
As there are substantial ethnic and regional differences in the distribution of gene polymorphisms, a Kazak Chinese population in Xinjiang was selected as the research cohort. Kazak Chinese individuals have minimal population migration and geographical environment separation, and similar genetic backgrounds; these features benefitted the study of the association between KCNJ11 and KCNMB1 gene polymorphism and EH. In the present case-control study, the association of KCNJ11 (rs5219 and rs2285676) and KCNMB1 (rs11739136) gene polymorphisms with EH was explored in a Kazak population. Previous studies have demonstrated that there is an association between different KCNJ11 SNPs and EH and diabetes in different populations (33) (34) (35) . However, to the best of our knowledge, there are no studies that have been performed with these SNPs in the Kazak population. In an animal model of hypertension, knocking out the KCNJ11 gene has been demonstrated to induce heart failure and mortality (36) . Therefore, the KCNJ11-encoded K ATP channel is essential to prevent hypertension, with channel alteration being a molecular basis for EH. The polymorphic loci in KCNJ11 E23K or rs5219g.67 (G>A) are associated with the risk of hypertension as well as the risk of type 2 diabetes mellitus (T2DM) in the Korean population (27) . In addition, Yi et al (14) have previously reported that the EE (E:Glu) genotype of KCNJ11-E23K (rs5219) was associated with body weight, BMI, VO 2 max and maximal minute ventilation in elderly females, as well as DBP in men at rest. Previously, a meta-analysis study demonstrated that the KCNJ11-rs5219 genotype is independently associated with hypertension in East Asian populations (37) . Zhuang et al (38) further demonstrated that the SBP of homozygote GG individuals is higher than that of homozygous AA individuals, and the GG genotype increases the risk for hypertension in the Han Chinese population. Consistent with these previous studies, the present study also demonstrated that the frequency of the GG (rs5219) genotype and allele of the KCNJ11-rs5219 SNP site was significantly different between Kazak EH patients and NT controls. The relative risk analysis demonstrated that the individuals carrying the rs5219-GG genotype have a greater risk of developing EH than those individuals carrying the GA+AA genotype. This may be caused by a missense mutation of KCNJ11-rs5219, which would lead to glutamic acid (E) replaced by lysine (K), which would thereby reduce K ATP channel sensitivity to ATP and induce K ATP channel excessive activation, enhance K + efflux and membrane hyperpolarization, and cause vasodilation (39, 40) . Therefore, genetic E23K variants which determine open state probability also determine vascular tone and consequently affect blood pressure. Furthermore, in a sample of this size, the single SNP and EH associations are statistically distinguishable therefore it may be determined that the signal is arising from this SNP where it sits. Therefore, the GG (rs5219) genotype may increase the risk of EH in the Kazak population.
At present, the correlation between KCNJ11-rs2285676 SNPs and hypertension has not been studied extensively. However, the KCNJ11-rs2285676 polymorphism has been demonstrated to be associated with T2DM in Japanese and Korean populations, as well as in a Chinese Han population (41) . A recent study found that the T2DM patients that benefitted from dipeptidyl peptidase-4 inhibitor treatment were those with a KCNJ11 rs2285676 (genotype CC) polymorphism and DBP values within normal ranges (41) . The present study's data of risk factor analysis suggests that KCNJ11-rs2285676 genotypes were not associated with EH. Whether the KCNJ11-rs2285676 SNPs are associated with EH requires further study. BK Ca channel β-subunits have four different subtypes (β1-4), and the β1-subunit is predominantly expressed in the smooth muscle cell (42) . It regulates the activity of the BK Ca channel and increases vasodilatation (43, 44) . Furthermore, it has been reported that reduction or deletion of the β1 subunit causes membrane depolarization and vascular smooth muscle contraction, which results in cardiovascular disorders, including hypertension and heart failure (45, 46) .
Gain-of-function mutation of the β1-subunit KCNMB1 (rs11739136-Glu65Lys mutant) was caused by a single nucleotide substitution in exon-3 of KCNMB1 (47) . The correlation analysis of the KCNMB1-rs11739136 gene mutation and hypertension revealed that the rs11739136 mutation increased BK Ca channel sensitivity to Ca 2+ , which makes blood vessels easier to dilate (47). Nielsen et al (11) reported the KCNMB1 Glu65Lys (rs11739136) polymorphism is associated with reduced SBP and DBP in middle-aged Danish men. In addition, Zhao et al (12) demonstrated that the TT+CT genotype of KCNMB1-rs11739136 had a significantly decreased risk for hypertension. In the present study, the frequency analysis demonstrated that there was no significant difference in the genotype and allele frequency of KCNMB1-rs11739136 between the EH and NT groups. This demonstrates that the SNP sites of KCNMB1-rs11739136 are not associated with the development of EH in the Kazak population. Additionally, the association between KCNMB1-rs11739136 and blood pressure regulation is not affected by age, gender and anti-hypertensive therapy. Therefore, the T allele is a protective factor that decreases the prevalence of hypertension in the Chinese Han population (12) .
In conclusion, the presence of the G nucleotide at position g.67 (G>A) of KCNJ11-rs5219 is associated with EH in Chinese Kazak populations in Xinjiang, therefore the higher frequency of A allele in EH cases compared with NT may be a genetic susceptibility factor for the development of EH. Therefore, polymorphisms of KCNJ11-rs5219 may be important in EH susceptibility. However, greater sample sizes are required to confirm this observation and also to identify additional populations. The results of the present study provide a basis for developing novel strategies for the diagnosis and treatment of EH in the Kazak population.
